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CONnDENTIAL 


ABSTRACT 

^  ■  Confideniial' 

Work  has  been  carried  out  to  evaluate  the  accuracy  of 
the  tobe-counttng  method  of  height -finding  in  the  presence 
of  various  sea  states.  Expertnnents  were  performed  with 
a  low -power  uhf  (42S  Me)  radar  in  a  ZPG-2  airship  flying 
at  2800  feet.  The  altitudes  of  aircraft  targets  flying  at  con¬ 
stant  altitudes  between  3200  and  35,000  feet  were  deter¬ 
mined  with  accuracies  ranging  from  about  9  percent  at  the 
lower  altitudes  to  4  or  5  percent  at  the  medium  and  higher 
altitudes.  Successful  results  were  obtained  with  sea  states 
as  high  as  six.  The  operational  feasibility  oi  this  method 
of  height -finding  was  demonstrated  by  the  barrier  exercises 
performed. 

\ 

PROBLEM  STATUS 

Problem  R02-10  was  closed  April  4,  1958.  This  is 
a  final  report  on  this  problem  and  on  one  phase  of  Problem 
R02-05  which  continues. 


AUTHORIZATION 

NRL  Problems  R03-t9  and  R02-05 
Projects  NL  430-014  and  NR  412-000. 
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AIRBORNE  HEIGHT-FINOING  BY  THE  LOBE -COUNTING  METHOD 
(Confidential  Title] 


a  a»wa^w>  a  aa>i-a 

Several  CNO  operalional  reaulremenla*  epecify  (he  development  of  long- range  hlgh- 
performarre  surveiUancs  and  height  finding  equipment  for  airborne  early  warning  and 
control.  The  general  funcllona  required  to  be  performed  are: 

1.  long-range  early  warning,  identification,  and  tracking  of  air  targeta  over 
aea  or  land  to  meet  the  threat  of  minimum  -  and  hlgh-altltude  superaontc 
aircraft  attacking  a  fleet, 

2.  direct  control  of  our  fighter  aircraft  in  interception  uf  unidentified  aircraft 
approaching  a  force,  ana 

3.  delermtnatlona  of  air  target  height  above  the  aurfare  at  long  range. 

The  minimum  acceptable  llmlta  uf  operational  performance  require  the  carrier-baaed 
aircraft  ayatem  to  have  an  initial  detection  range  (with  90  percei.t  probability  of  detection 
and  without  the  uae  of  IFF)  of  ISO  nautical  miles  on  a  flve-square-muter  target  and  a 
land-baacil  aircraft  ayatem,  300  nautical  mllee  on  a  one -square-meter  target.  The  sya- 
tems  should  be  capable  of  determining  the  altitude  of  any  target  between  the  surface  and 
80,000  feet  with  an  accuracy  of  «&000  feet  at  90  percent  of  their  initial  detection  ranges. 

The  Navy  air  arm  is  presently  equipped  with  the  AN/APS-20E  S-bond  search  radar 
and  the  AN/APS-45  (or  AN/APS-fl2)  X-band  height  finder.  The  AN/AP3'20E,  the  primary 
detection  equipment  on  all  AEW  aircraft,  is  capable  of  90  percent  probability  of  detection 
on  a  one-square-meter  target  at  80  nautical  miles  (1).  Its  performance  Is  seriously 
limited  by  sea  return,  and  no  satisfactory  AMTI  hai.  been  developed  to  date.  The 
AN/APS-4S  and  AN/APS-43  radars  are  airborne  hstght-llndlng  syaiema  with  nodding  type 
narrow-beam  antennas,  the  AN/APS-IS  being  mounled  on  WV-2  aircraft,  and  theAN/APS-S2 
on  ZPG-2W  airships.  After  being  coached  onto  a  target  by  the  search  radar,  theAN/APS-45 
radar  requires  approalmately  a  minute  to  accomplish  an  altitude  determination  at  ranges 
always  short  of  100  nautical  milyv.  Thus,  the  need  for  developing  a  combination  search 
and  height -finding  radar  system  Is  real  and  urgent. 

Several  romt-lnatlon  search  and  height -finding  syaiema  havs  basn  proposed  end  devel¬ 
oped  alnc;  the  end  of  World  War  II.  Of  these,  the  stncked-bcam  syatems,  such  ss  the 
AK/5PS-2,  AN/FPS-7,  and  AN/SPS-13  radars,  have  pronounced  advantages  over  other 
types  like  the  V-beani  or  pencil-beam  scanners.  Several  studies  (2)  have  been  made  with 
regard  to  airborne  alacked-beam  syaiema,  and  an  operational  requirement  specifying  this 
developmenl  has  been  Issued.  ^ 


•No.  AO-01501  (HevlKd)  dated  tz  March  1956 
No.  AD^OISOI*]  dated  25  April  1956 

No.  AO-06501  (Revised)  dated  2  November  1955  (Csrrier-Baivod  AEW  Syetem) 
Mr;  yfcx>-D65Q2  (Revised  dated  25  Apr:!  1956  (lrand-£ased  A£n'  SystwiTi} 

No.  AD*06502-1  dated  26  April  1956  (Ughter >ihan>air  Aircraft) 
tNo.  AD-01501  -2  dated  1«  April  1956 
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The  only  k.iown  active  program  Is  the  airborne  atacked-beam  antenna  development  being 
carried  out  by  the  General  Electric  Company,  Utica,  New  York,  under  Contract 
AF  33(600)34799.  The  baalc  difficulty  with  airborne  stacked-beam  systems  is  that  the 
narrow  vertical  beamwidths  required  to  achieve  sufficient  height  accuracy  demand  the  use 
of  C-hand  nr  a  higher  frequency  because  of  antenna  else  ItmitatlonB.  At  these  frequencies, 
there  appears  to  be  no  prospect  of  attaining  effective  AMTI,  and  long-range  detection  is 
handicapped  by  adverse  weather  conditions  and  transmitter  power  limitations. 

Low-frequency  systeins  offer  another  approach  to  the  problem  of  attaining  a  combina¬ 
tion  search  and  height -finding  system.  The  tetectlon  cspsblllties  of  vhf  and  uhf  radars, 
both  shlpborne  and  airborne,  have  bien  demonstrated  (3,4).  At  these  frequencies,  success 
ful  AM71  systems  have  been  designed.  Furthermore,  these  airborne  systems  should  be 
capable  of  height-finding  by  the  lobe-counting  (5,6,7)  frequency -modulation  (8,9),  and 
time-difference  method  (9, 10, 11),  all  Ol  which  are  based  on  the  direct  and  sea-reflected 
propagation  paths,  the  first  two  making  use  of  the  inlerfertnce  principle. 

This  study  la  concerned  with  lobe  counting  which  required  no  modlllcatlon  to  an  exist¬ 
ing  rsdar  and  Involved  a  minimum  of  Instrumentation.  The  objectives  of  this  project  are; 

(a)  to  study  the  effect  of  angle  of  incidence  and  sea  state  on  the  interference  pattern,  and 

(b)  to  determine  the  accuracy  with  which  the  altitude  of  an  Isolated  aircraft  target  can  be 
measured. 


THEORY 


The  theory  for  the  calculation  of  field  strength  bi  the  interference  region  for  an  ele¬ 
vated  antenna  is  well  known  and  has  been  covered  in  the  literature  (12, 13).  The  angular 
location  of  the  lobes  in  the  interference  pattern  is  determined  by  the  p^length  difference 
between  the  direct  and  reflected  rays.  This  path  difference  is 


ah,  h 


(») 


where 


h,  is  radar  height, 
h,  la  targe',  height, 
r  is  target  range, 

JfS.T)  is  a  correction  factor  from  flat  to  spherical  earth, 

S  is  a  function  of  h, ,  h, ,  and  r,  and 
T  is  a  function  of  h,  and  h, . 

When  a  target  flying  at  constant  altitude  changes  range  sufficiently  to  alter  the  path 
difference  by  one  wavelength,  it  passes  from  oni 
of  lobes  L  traversed  per  nautical  mile  is 

.  I  |(i(aa)|  ,  2h^  hj 

\  I  <ir  I  '  ■-> 


e  lobe  to  the  next.  Therefore,  the  number 
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For  Klven  vitlues  of  h, ,  h,,  and  r,  the  dim«nslunl«as  distance  and  height  parameters 
S  and  T  arc  calculated  from  the  equations 


where 

a,  =  4/3  earth  taHiut  -  4547  nautical  mllei. 


The  function  J(S,T)  Is  available  In  graphical  form  (12).  From  this  graph  and  Eq.  (3) 
and  (4),  a  plot  of  J  was  made  as  a  function  of  r,  from  which  dj/dr  was  determined  graphL 
rally.  Equation  (2)  was  then  evaluated  for  radar  altitudes  of  1000,  2000,  and  3000  feet 
and  a  frequency  of  425  Me  (Fig.  1).  * 

The  use  of  these  curves  In  determining  altitude  Is  complicated  and  difficult  because  of 
the  nonlinear  char.^cier  of  the  relationship  and  the  neceaalty  for  Interpolating  between 
curves.  A  mure  useful  family  of  curves,  shown  In  Fig.  2,  relatl.-.;  lobes  per  mile  to 
target  altitude  (or  several  specified  rangee,  was  plotted  from  the  3000-(ooc  curves  of 
Ftg.  1.  These  curves  were  used  In  reducing  the  flight  test  data  obtained  In  the  height¬ 
finding  trials. 


INSTRUMENTATION 

Height-finding  l;y  the  lobe-counllng  method  requires  Isolation  of  a  target  from  all 
others  in  both  range  and  azimuth.  The  Instrumental  Ion  discussed  here  Includes  a  range- 
gated  tracke.'  which,  together  with  the  horizontal  directivity,  isolates  the  target  echo, 
and  the  equipment  which  records  the  variations  oi  echo  amplitude  with  range. 

A  block  diagram  of  the  primary  units  of  the  a;  lem  la  shown  In  Fig.  3.  An  Interval 
of  range  continuously  variable  from  10  to  50  miles  la  selected  from  the  250-nautlcal-mUe 
radar  presentation  and  Is  displayed  cn  a  3-lnch  A-Scope.  At  the  center  of  this  Interval, 
a  segment  of  range,  controllable  from  two  to  five  times  the  radar  pulse  width,  is  selected. 
Tilts  bit  of  range  is  shown  as  a  negative  marker  on  the  scope,  wid  a  gate  of  the  same 
width  is  used  to  gate  an  l-(  amplifier.  The  rejection  ratio  In  the  gated  1-1  amplifier  la  40 
lu  50  db.  The  gated  signal  Is  amplified,  demodulated  ualng  a  peak  detector,  integrated, 
and  applied  to  a  standard  single -channel  Sanborn  recorder  (Model  127).  Range  Informa¬ 
tion  to  the  nearest  0. 1  rautlcal  mile  Is  avallsble  from  the  position  of  the  1-f  gate,  and  la 
dloplaycd  on  a  Veeder-Root  counter.  The  range-gated  tracker  and  Sanborn  recorder  are 
shown  In  Figs.  4  and  5, respectively. 


THE  RADAR 

The  syeti  .11  choai.r  for  -ise  in  the  lobe-counting  experiments  was  the  low-power  uhf 
radar  produced  under  a  Joii:!  effort  by  Croup  45  of  the  Lincoln  Laboratory,  MIT,  and  the 
Naval  Research  Laboratory  in  13S3  and  installed  aboard  a  ZPG-2  airship  attached  to  the 

•Thi*  method  of  calculation  waa  (uggeated  by  William  S.  Alderaon,  formerly  of  the  Radar 
Diviffioiis  NRLi. 


CONFIDENTIAL 


4 


NAVAl  AiSIAtCH  lAAOkATOtY 


CONFIDENTIAL 


1 


1.  ' .  *  ■ .  ;  •  I  >  I, 

•  n;i  »i.'  'I  HI 


Fl((.  1  -  Throretital  turves  of  lubes  per  mile  versus  ranxc  for  larRet  alllludes  of 
bUUU,  lu.OUO,  <:0,000.  ami  40.000  feel 


Naval  Air  Development  Unit,  Naval  Air  Station.  South  Weymouth,  Massachusetts  (5):  The 
radar  transmitter  of  the  original  system  was  modified  by  h  oiporaiing  a  specially  constructed 
tuning  mechanism  for  the  7C22  oscillator  (Fig.  8)  and  a  set  of  tuning  stubs  for  matching  the 
antenna  to  the  transmitter  (Fig.  7).  This  resulted  In  the  peak  power  output  being  increased 
from  140  to  280  kw.  The  stable  local  oscillator,  which  had  been  added  to  the  original  sys¬ 
tem  for  the  pu.pose  of  conducting  MTI  studies,  was  replaced  by  a  tunable  local  oscillator  to 
facilitate  usinf  the  receiver  throughout  the  fre-..  -mcy  range  of  the  transmitter.  The  tunable 
receiver  had  a  noise  figure  ul  j.  “  -!b 
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Fir.  I  •  Theoretical  curve*  of  lobee  per  mile  vertutterget  Altitude 
for  arveral  (iie<  rele  rengee 
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manual  tracker  and  recorder 
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ThouRh  the  system  performance  was 
generally  good,  certain  serious  troubles  were 
encountered  during  the  height -finding  trials. 
Erratic  trairsmitter  operation  was  traced  to 
a  uefective  arurncia  fotary  jolru,  wnich  was 
replaced  with  one  of  improved  deBign.  The 
special  6  .  sec  pulse -formtns  line  installed 
in  the  original  system  shorted  during  flight 
tests  In  October  195S.  and  since  no  spares 
were  available,  it  was  replaced  by  a  8-,. sec 
line  obtained  from  other  radar  spares.  Dur¬ 
ing  Che  latter  part  of  the  trials,  full  trans¬ 
mitter  power  was  not  attainable  because  ol 
unstable  operation  at  high  output  levels.  Upon 
completion  of  the  flight  tests,  the  radar  was 
dtsasaembled  and  Inspected.  During  the 
examination  ol  the  antenna,  it  was  found  that 
the  center  conductor  of  the  main  feed  harness 
had  fractured  at  a  Joint  immediately  follow - 
tag  the  input  Tee  section.  The  point  of  frac¬ 
ture  ahowed  evidence  of  arcing.  This  loss  of 
continuity  meant  that  lor  certain  periods  the 
radar  was  operated  at  a  reduced  power  level 
with  only  half  of  the  antenna  teed  system 
active,  which  resulted  in  a  loss  in  range 
performance. 


OPERATIONAL  PROCEDURE 


Fig.  4  -  Rargr-gated  trackrr 


The  operational  procedure  followed  dur¬ 
ing  the  lobe -counting  height -finding  trials  was 
the  same  for  all  testa  pert toed.  The  radar 
and  target  atrcralt  met  at  a  rendezvous  point, 
either  over  Cape  Ann,  Massachusetts,  or 
Nantucket  Island,  depending  on  the  operational 
area  assigned.  On  receipt  of  a  command  sig¬ 
nal  from  the  radar  vehicle,  the  target  plane 
proceeded  on  a  course  of  090  degrees  at  an 

assigned  altitude.  The  airship  flew  the  same  course  at  a  different  altitude.  After  the 
initial  detection  had  been  made  with  the  radar  scanning,  the  antenna  was  stopped  and  placed 
in  a  -searchlight’  mode.  The  target  was  tracked  manually  by  maintaining  the  radar  echo 
tn  the  -notch*  on  the  A-scope,  As  described  previously,  the  signal  variations  were  recorded 
on  Santorn  tape.  Range  marks  were  added  to  the  reenrd  manually  at  tniervabi  of  lu  miles 
or  less  with  a  time  mark  button.  Each  lO-mile  in-irval  was  eyi-ilm  i  later  In  determir.- 
the  numlter  of  lobe  crossings  per  mtie.  Whi  r.  mv-  ’  jrgei  ei  h  ,,;tnal  strength  becanic  •  ■> 
weak  to  record,  both  aircraft  wuuld  execute  a  IRO-  degretun-  ic.'  fly  .a  courne  ol  270 
degrees  lor  the  point  of  origin  (either  Cape  Ann  or  l.antueki’i  On  the  Inbound  runs  the 
signal  variations  were  recorded  until  the  target  was  lost  in  clutter  at  a  range  of  about  20 
or  30  miles.  At  this  point  both  aircraft  again  turned  180  degrees  and  began  a  new  run. 
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Fig.  5  «  Sanborn  recorder 


Fig.  6  -  SpccialJy  constructed  tuning  mechanism 
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Fir.  7  -  Tuning  slubi  (center)  shown  with  relation  to  the  duplexer 
(left)  and  transmitter  (right 


HEIGHT-FINDING  TRIALS 
Initial  Experiments 

The  program  began  with  a  number  of  B-28  (lights  made  during  the  we.ek  of  May  9,  1955, 
off  Cape  Ann,  Massachusetts.  The  weather  was  clear  and  the  sea  very  calm.  These 
initial  trials  were  made  with  the  radar  at  1000,  2000,  and  3000  feet  and  the  target  at  5000, 
10, 000  and  20, 000  feet  (or  each  radar  altitude.  They  demonstrated  that  a  strong  Inter¬ 
ference  lobe  pattern  did  exist  and  that  the  lobe-counting  method  could  be  used  (or  height- 
finding  to  an  accuracy  of  better  than  10  percent  (7).  A  more  extensive  program  to  deter¬ 
mine  the  accuracy  of  the  method  had  to  be  postponed  when  the  airship  was  grounded  for 
structural  reasons. 


Final  Experiments 

The  lobe -counting  trials  were  resumed  in  September,  1955,  in  collaboratlbn  with 
Group  45  of  the  Lincoln  Laboratory  and  the  Naval  Air  Development  Unit,  and  were  com¬ 
pleted  In  March,  1956.  They  were  designed  to  determine  the  inherent  accuracy  of  the 
method,  the  degree  to  which  the  lobe  structure  remains  well  defined  under  rough  sea  con¬ 
ditions,  and  the  effects  of  atmospheric  anomalies  on  the  height -finding  accuracy.  Numer¬ 
ous  flights  were  made  with  the  radar  vehicle  at  280C  fe  *  against  aircraft  targets  at  3200, 
10, 000,  19, 800,  and  35, 000  feet  over  both  smooth  and  rough  seas.  During  the  tests, 
information  on  the  sea  state  was  provided  by  both  the  Texas  Tower,  located  100  miles 
east  of  Cape  Cod,  and  a  radar  picket  ship  stationed  somewhei  e  east  of  Nantucket.  Table 
provides  a  summary  of  the  successful  flights  made  during  the  height-finding  trials.  In 
these  experiments,  no  distinction  was  made  between  inbound  and  outbound  runs. 
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RESULTS  OF  TESTS 

The  Indlvlduil  rune  listed  tn  Tsblc  1  were  eviluated  by  countlnf;  the  number  of  lobes 
In  each  10*mlle  Interval  as  determined  from  the  range  marks  placed  on  the  Sanborn  tapes. 
The  iamtiy  of  curves  shown  In  Fig.  i  was  used  to  determine  the  target  altitude  from  the 
number  of  lobes  per  mile  and  the  median  range  (or  each  Interval.  These  curves  refer  to 
a  frequency  of  429  Me  and  a  radar  altitude  of  3000  feet.  Since  the  airship  was  down  at  an 
altitude  of  2800  feet  lor  all  but  the  t0,000-(oot  trials.  It  was  necessary  to  multiply  the 
measured  number  of  lobes  per  mile  tv  a  correction  factor  of  1.07  (f.  e. ,  3000/2800). 

After  the  individual  altitude  determinations  had  been  made,  the  results  tor  all  runs 
at  the  same  nominal  target  altitude  were  averaged  tn  each  lO-mlle  Interval  and  the  aland- 
ard  deviation  a  calculaltd.  Table  2  is  a  summary  o{  the  data  obtained  from  the  lobe- 
counting  trials  conducted  over  smooth  seas.  Nine  runs  were  made  against  s  B-29  at 
3200  feet,  10  runa  against  a  B-Z9  at  19,800  feet,  and  tO  runs  against  a  8-47  at  39,000  feet. 
The  average  altitude  Is  plotted  against  range  In  Fig.  8,  where  the  shaded  area  represents 
the  standard  deviation.  Table  3  and  Fig.  9  give  a  summary  of  the  data  obtained  over  rough 
seas  from  6  runs  made  against  a  B-29  at  3200  feet,  17  runs  against  a  P-2V  at  10,000  (eet, 
and  10  runs  against  a  B-29  at  19, 800  feet. 

A  statistical  analysis  was  made  of  the  data  summarized  In  Tables  2  and  3  to  determine 
whether  there  was  any  systematic  error  tn  the  height  measurements.*  Ths  'Student's  t' 
teat  (14)  was  applied  to  the  average  attitudes  for  the  various  range  Increments,  and  tl  was 
determined  that  the  eiqierimental  data  were  normally  distributed  (within  99  percent  con¬ 
fidence  limits)  about  the  prescribed  altitudes.  This  showed  that  the  measurement  tech¬ 
nique  was  (ree  of  bias  error.  Ths  19, 800-(oot  B-29  trials  were  an  ezeeptton,  these 
results  being  biased  toward  higher  values.  No  satisfactory  explanation  has  been  found. 

It  appears  from  Fig.  S  and  B  that  the  height  error,  as  exemplified  by  the  standard 
deviation,  shows  no  range  dependence.  An  analysts  was  conthicted  to  examine  this  question 
and  no  correlation  was  found  between  a  and  the  range.  The  height  error  In  most  other 
types  of  height  finders  is  proportional  to  range,  since  the  elevation  angle  is  the  quantity 
measured  directly. 

'The  author  in  uictebted  to  Arthur  H.  r.antanakoa,  Radar  Oivtsion,  KRL,  tor  this  analysis. 


CONFIDKNT1/.L 


CONFIDENTIAL 


CONFIDENTIAL 


CONFIDENTIAL 


NAVAI  ItUAftCH  LAAOtATOtT 


11 


FiR.  B  -  Hutogrim  ol  low  *ea->las«  IrijUi 


Since  no  range  dependence  was  found  in  the  height  error,  it  is  appropriate  to  deter¬ 
mine  a  root -mean-square  height  error  overall  range  intervals.  The  rms  deviation  »  of 
the  measured  height  from  the  true  height  is  related  to  the  variance, w*  and  the  error  E 
of  the  average  of  the  height  readings  by  the  equation* 

i-'*  -  -l^.  (5) 

The  values  (or  «  and  E  used  in  calculating  e  were  obtained  from  Tables  2  and  3.  Table  4 
is  a  summary  of  the  results  obtained.  It  shows  that  the  accuracy  of  the  method,  when 
considered  for  a  large  number  of  trials.  Is  no  worse  thatt  10  percent  lor  low-flying  air¬ 
craft  and  as  good  as  4  percent  for  medium-  and  high  'lying  aircraft.  Thus  limited  experi¬ 
ence  shows  that  this  method  affords  a  means  of  measuring  target  altitude  quite  accurately 
over  either  smooth  or  rough  seas  and  that  the  lobe  structure  U  not  destroyed  by  a  sea 
state  as  high  as  six. 


*Tht  author  i*  indehted  to  l.amont  V.  Blake,  Radar  Oiviston,  NRL,  for  pointing  out  lhi« 
relationship. 
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EFFECT  OF  HIGl  SEA  STATES 

From  its  inception,  the  major  concern  with  regard  to  the  lohe-counttng  method  was 
that  it  would  become  inaccurate  or  fail  completely  under  high  sea-state  conditions  since 
it  depends  on  strong  specular  reflection  producing  a  well-defined  lobe  structure.  When 
the  surface  is  rough  compared  with  a  wavelength,  it  is  reasonable  to  expect  that  perfect 
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reHecllon  will  no  longer  be  obtained,  particularly  lor  rays  having  large  angles  ot Incidence. 
This  s.outtt  result  in  a  graduai  decrease  in  the  maximum^ta'mlnlaium  ratio  in  the  lobe 
structure,  particularly  at  short  ranges.  Since  no  positive  data  were  available  with  regard 
to  the  relieclion  coefilcient  at  uhl  (or  rough  seas,  the  flights  at  altitudes  of  3200,  10,000, 
and  19,800  feet  against  sea  states  as  high  as  six  were  of  particular  interest.  This  series  of 
flights  showed  no  appreciable  deterioration  of  the  lobe  structure.  Figures  10  through  13 
show  the  lobe  structure  as  it  was  recorded  on  Sanborn  tape.  Two  separate  flights  ct  a 
B-2S  at  19, 800  feet,  one  over  smooth  and  one  over  rough  aesa,  are  shown  In  these  figures, 
matched  accordlug  to  range  Intervals,  from  30  to  100  nautical  miles.  The  lobe  structure 
under  all  conditions  is  clearly  defined.  A  comparison  of  the  respective  signal  deflection 
ampUtudea  ia  not  in  order  since  the  runs  were  made  with  the  equipment  under  different 
adjustments  and  by  different  personnel.  As  was  determined  later,  the  run  over  a  very 
rough  sea  waa  range  limited  bccauae  of  an  antenna  feed  structure  failure.  The  high  sea- 
state  run  does  have  more  hash  on  the  recorded  signal,  especially  in  the  90-  to  lOb-mtle 
Interval.  Figure  10  contains  the  critical  short-range  section  of  the  runs.  It  wtU  be  noted 
that  for  the  high  sea-state  record,  the  maximum -to-minimuru  ratio  is  very  high  in  the 
region  from  34  to  37  nautical  miles.  At  this  point  a  second  aircraft  entered  the  range  gate 
of  the  tracker  causing  a  steady  return  for  the  next  3  miles,  after  which  a  very  fineiy 
divided  lobe  structure  resulted.  Strong  sea  return  below  30  miles  caused  the  data  to 
became  too  obscure  to  be  unable.  Thus,  the  lobe  slructure  at  the  high  sea  states  remained 
well  defined,  the  Sanborn  tape  records  oi  the  return  signal  v  ere  quite  readable  down  to  the 
range  at  which  aea  clutter  was  observed,  and  the  accuracy  of  the  method  in  determining 
target  altitude  Is  maintained  in  the  region  where  the  signal  is  not  obscured  by  clutter. 
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Fig.  11  -  Tape  record  of  typical  flights  over  both  smooth  srd  rough  seas  —  radar  altitude 
2SOO  'eet;  target  idtilude  19.800  feet;  range  SO  tu  60  and  60  to  70  nautical  nniles 
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ATMOSPHERIC  ANOMAUE8 

It  ww  hoped  that  refractomelcr  aoundlngs  of  the  layered  atmoaphere  could  he  made 
before,  during,  a>id  after  each  airship  operation  In  order  that  the  resulting  refractive 
Index  profiles  could  be  correlated  with  the  hetght-fliiding  data  obtained.  This  was  not 
possible  because  the  NADEVU  refractometer  was  Inopersllvs  during  the  months  when  the 
esiensive  trials  were  conducted.  Since  no  adverse  effects  were  noticed  while  the  trials 
were  being  conducted  under  a  variety  of  atmospheric  conditions,  n  ie  felt  that  anomalies, 
where  present,  wuntd  not  have  enough  of  an  effect  on  the  height -finding  to  defeat  the 
method. 


BARRIER  EXERCISES 

On  May  36,  1955,  the  Naval  Air  Development  Unit  conducted  a  24-hour  barrier  oper¬ 
ation  with  two  ZPG-2  airships  flying  one  mile  apart,  bach  and  forth  in  a  straight  line  50 
miles  tong  orientated  north  and  south  60  miles  east  of  Easton.  Massachusetts  (15).  One 
airship  carried  the  low-power  uhf  radar  and  the  other  an  AN/AP8-20E  radar.  The  object- 
tlves  of  the  exercise  were  <a)  to  detect,  track,  and  recoM  all  aircraft  penetrating  the 
barrier,  (b)  to  compare  the  detection  capahiUties  of  the  two  radars  employed,  and  (c)  to 
evaluate  further  the  lobe -counting  method  of  height -finding.  NRL  personnel  participated 
in  the  exercise  by  providing  height  Information  on  specific  targets  as  requested. 

The  enemy  force  was  considered  to  be  all  aircraft,  both  civil  and  military,  inbound 
from  Europe  to  Boston  and  New  York  via  specified  control  lanes  and  all  Itinerant  atrcralt 
operating  in  the  U.S.  northeast  coastal  area,  twenty -tie  ven  targets  were  detected  with  the 
uhl  radar  at  ranges  varying  from  40  to  158  nautical  milts.  Hei'ght  dctemitnations  were  made 
on  17  ur>wr>own  targets  at  ranges  from  40  to  KOnsutlcal  i’nlJes  by  sesrcbllghting  the  target 
for  epproxlmately  two  minutes.  Indicated  altitudes  vsrlml  from  17, 000  feet  to  less  than 
1000  feet,  with  one  unknown  target  at  50, 000  feet.  A  cleiw  Indf^catlon  was  obtained  on  all 
measurements  and  a  comparison  of  altitudes  was  obtstned'  for  9  of  the  12  targets  reported 
by  the  GCI  stations  located  at  North  Truro,  Massachusetts,  and  Portland,  Maine.  There 
was  no  satisfactory  overall  agreement  between  the  results  oblaU\ed  with  the  uhf  and  the 
height -finding  radars  located  at  the  GCl  stations.  The  capivbtllty  of  the  uhf  radar  In  per¬ 
forming  the  dual  function  of  a  search  and  height -finding  radar  wait  encouraging. 

A  second  unscheduled  barrier  exercise  was  conducted  on  October  20,  1955.  As  origi¬ 
nally  planned,  the  flight  was  a  scheduled  operation  for  the  ’ZPO-2  airship  to  run  tests 
against  a  P-2V.  When  the  target  plane  was  forced  to  cancel  because  of  engine  failure,  the 
GCI  station  located  at  North  Truro,  Masaachuaetts,  was  contacted  and  asked  to  furnish 
information  with  regard  to  air  traffic  enroote  to  and  from  Europe.  The  atm  was  to  obtain 
a  comparison  of  altitude  determinations  made  by  the  GCI  station  and  the  uhf  radar.  Only 
targets  held  by  tx)th  systems  were  considered.  The  results  of  this  exercise  are  presented 
in  Table  5.  Unfortunately  the  GCI  station  height -finder  radar  was  inoperative  durit^  most 
of  the  exerctae.  With  one  exception,  the  altitude  detrrmlnationa  made  with  the  uhf  radar 
were  In  close  agreement  with  the  altitudes  listed  in  the  target  aircraft  flight  plana.  Though 
somewhat  limited  in  acope,  the  operation  waa  considered  a  success,  and  demonstrated 
that  the  lobe -counting  method  provides  a  means  of  dstsr mining  target  altitudes  at  long 
ranges  If  the  uhf  search  system  can  be  spared  for  a  minute  or  two. 
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OPERATIONAL  FEASIBILITY  OF  THE  METHOD 

For  operational  uae,  the  loss  of  the  radar  search  funclton  should  be  minimised.  A 
rough  Indication  of  height  can  be  obtained  by  counting  Just  one  lobe;  however,  to  obtain 
reasonably  accurate  height  measurement,  two  lobes  nre  necessary  and  three  are  preferred 
since  this  would  insure  two  good  maxima  and  minima.  V/ith  this  criterion  In  mind,  the 
curves  shown  In  Fig.  14  were  plotted  to  show  the  time  required  for  (a)  a  300-knot  target 
and  (b)  a  600-knot  target.  These  are  for  target  altitudes  of  3200,  5000,  10,000,  20,000, 
and  40,000  feet  and  refer  to  a  frequency  of  425  Me  and  a  radar  altitude  of  3000  feet.  The 
curves  for  the  target  with  a  radial  velocity  of  3CC  knots  also  apply  to  the  time  required 
for  a  200-knot  target  to  traverse  two  lober.  and  a  100-knot  target  one  lobe.  The  600-knot 
target  curves  can  be  used  to  determine  tiie  time  required  for  a  400-kiiot  target  to  traverse 
two  lobes  and  a  200-knot  target  one  lobe. 

If  a  time  limitation  Is  imposed  on  any  altitude  determination,  the  maximum  range  at 
which  height-finding  can  be  accomplished  (sMumlng,  tor  example,  that  three  lobes  must 
be  traversed)  is  thus  limited.  The  maximum  height-finding  range  will  be  limited  to  vari¬ 
ous  percentages  of  the  horizon  range  depending  on  the  target  altitude  luid  the  time  allotted 
the  height -finding  function  as  shown  by  Table  6  which  refers  to  a  600-knot  aircraft,  a  radar 
altitude  of  3000  feet,  and  a  frequency  of  425  He  (Fig.  14(b]). 

The  greatest  limi*-tlon  Is  thus  seen  to  occur  lor  low-altitude  targets.  11  3  minutes 
are  available  for  heign.  ndlng,  the  limitation  la  not  too  severe  fur  the  lowest  target 
shown  (3200  feet).  Even  wi.'.  a  one-minute  time  limit,  a  very  worthwhile  height -finding 
capability  is  provided,  especial;,  -in  hlgh-altltude  targets. 
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Fig.  14  -  Time  required  for  aircraft. is rget  to  Iraverte  three lobea: 
(a)  100 -knot  target  and  (b)  fcOO-knot  target 
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C0NCLUS10H3 

1.  The  lobe>countlng  methofi  of  height-finding  is  feasible  for  use  against  tsolaicd, 
constant-altitude  targets. 

2.  The  height  determination  on  each  target  requires  diverting  the  radar  from  its 
normal  search  lunction  for  as  long  as  1  to  2  minutes. 

3.  This  metho'i  can  i>e  used  in  the  presence  of  sea  states  as  high  as  6  from  near 
the  initial  detection  range  in  to  the  range  where  the  echo  is  obscured  by  sea  clutter. 

■*.  The  rseShsi  is  accurau  to  about  3  percent  tor  low-nying  largets  and  4  to  5  per¬ 
cent  for  medium-  and  Mgh-IIylng  targets. 
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